The present work aimed the study of atmospheric deposition of toxic elements near to a tannery industry by collecting black material deposited on leaf surfaces of cinnamon trees (Cinnamomum zeylanicum). Elements such as As, Ba, Cr, Cu, Fe, Ni, Pb, Sb, V, and Zn were analyzed by inductively coupled plasma mass spectrometry (ICP-MS). For comparison purpose, black particles deposited on the leaf surface of lemon trees (Citrus lemon) collected away from the tannery industry were also analyzed. Results showed that the amount of toxic elements found in the black particles collected near tannery area was significantly higher than the amount of those measured in the comparison site. Enrichment factors (EF) of As and Cr were markedly impacted by anthropogenic emissions, whereas the other elements were moderately/slightly enriched. Cluster analysis (CA) identified the leather industry as the anthropogenic source, while As possibly comes from the wide use of pesticides and herbicides in agricultural practices. The results indicated that emissions from the leather industry and agricultural activities are the main source of pollution in this area.
Introduction
Leather industry, an age-old activity, covers the manufacture of diverse consumer products (e.g. footwear, clothes, and leather goods), industrial processes, and has significant economic influence. However, this industry is considered of great concern because to turn the skin into leather (leather tanning) requires several stages and involves the use of large amounts of fresh water and several chemicals such as lime, sodium carbonate, sodium bicarbonate, common salt, sodium sulfite, chrome sulfate, oils, resins, biocides, among other reagents.
1,2 Increased levels of chromium in the environment result from the improper discharge of solids, wastewater, and gaseous emission from anthropogenic activities such as leather tanning, steel alloys and stainless steel manufacture, chrome plating, fabrication of paint pigments, wood preserving, textile, ceramic glazes, electroplating, and other activities. 3, 4 Atmospheric deposition of toxic elements in form of particulate matter (PM) can attain soils and plants by either dry or wet deposition. Plants are essential organisms (biomonitors) of the ecosystem because they may improve the air quality by filtering, absorbing and accumulating significant quantities of toxic elements. 5 Biomonitoring studies using tree leaves as passive sampler are particularly useful because they have the advantage of high spatial and temporal distribution, low-cost, high distribution density and trapping of atmospheric particles, mostly on the entire leaf surface. 6 The accumulation and distributions of contaminants in plants depend on the plant species, bioavailability and level of contaminants in the soil and air, and environmental conditions, such as rainfall, wind speed and direction and other factors. 7 In the last years, several plant species have been used as bioindicators of elemental deposition from the atmosphere. [8] [9] [10] For instance, pine tree leaves have been used as biological indicators for assessing toxic metal pollution by Cd, Pb, As, and Hg in an industrial ecosystem in Turkey. 11 Leaves of five plants: Padus serotina, Acer campestre, A. negundo, Quercus robur and Celtis occidentalis were used as bioindicators to assess the amount and concentration of contaminants in deposited dust in and around the urban city of Debrecen, Hungary, 10 while in Beijing, China, fourteen plant species have been used as bioindicators to evaluate the air pollution in the urban area. 12 The determination of Cr in environmental samples is of great importance due to its toxicity. Chromium is 13 Its toxicity is related to its high redox potential, mobility, and ability to penetrate biological membranes. Chromium(VI) is also known as carcinogenic and mutagenic agent and can cause several diseases.
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14 Nova Esperança do Sul, a small city in the south of Brazil, is named capital of the boot and has a big tannery, whose main articles are semi-finished and finished fullgrain leather and their use is divided between furniture and automotive industries. 15, 16 These goods are mainly sold to the foreign market. In general, leather industries eliminate leftover materials and leather shaving wastes through burning. As the industry is located in the center of the city, there are complaints from the population due to the constant atmospheric emissions. 17 The particles generated during the burning spread throughout the city, leaving the houses dirty, causing bad smell and health problems, although there is no official record. For this reason, the objective of this study was to verify if the black particles deposited in the soil and on the surfaces of plants are from the natural origin or are related to tanning activities. The specific goals of this study were (i) to investigate the levels of toxic elements (As, Cr, Cu, Fe, Ni, Pb, Sb, V, and Zn) present in the deposited material on the surface of the leaves of Cinnamomum zeylanicum, (ii) to assess contamination levels, and (iii) to identify the possible sources of toxic elements in an industrialized region (Nova Esperança do Sul, RS, Brazil).
Experimental

Study area
This study was conducted in the city of Nova Esperança do Sul (S1, 29°24'24" S, 54°49'50" W), state of Rio Grande do Sul (RS), Brazil ( Figure 1 ). The city (S1) is located in the southernmost part of the country with 5,087 inhabitants, 18 and covers an area of about 190,85 km 2 of which 0.72% is related to the urban area, 27.15% is used for agricultural activities and 72% is field. The climate is subtropical and the average temperature varies between a maximum of 38 °C and a minimum of -3 °C, with 17.8 °C as medium temperature. 15 The average annual precipitation is of 1795 mm and the relative humidity varies from 30 to 95%. The predominant wind direction is from the southwest (called "minuano") and north. 15 In this region, two sites were chosen: S1A (center), located about 300 m far from the tannery, and S1B (Planalto), located about 5 km from the tannery.
As the presence of sooty mold, a fungus spread by insects, may cause deposits of black particles on leaves of various plants, an erroneous affirmation may be stated if only the study area was evaluated. In order to identify if black particles deposited on leaf surface in S1 are from natural or anthropogenic origin, an area located about 100 km from Rio de Janeiro (RJ) without pollution of industries or traffic influence, but with tree leaves containing black particles on the leaf surfaces, was considered. Lumiar (S2, 22°22'0.12" S, 42°12'0" W), district of Nova Friburgo, Brazil (Figure 1) , is a mountainous region in the Atlantic Forest covering an area of 7 km 2 with 5,000 inhabitants.
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Climate is warm and temperate with average annual precipitation and temperature of 1437 mm and 19.5 °C, respectively.
Sampling
Sampling of cinnamon tree (Cinnamon zeylanicum) leaves was carried out in three periods: May 2016 (P1), September 2016 (P2) and October 2017 (P3) at Nova Esperança do Sul (S1). Cinnamon trees grow in tropical areas, have leaves of medium size and are elongated, slender, and oval to lanceolate in shape. About 300 g of both leaves without black particles on its surface (termed clean leaves (CL)) at S1A (CLS1A) and S1B (CLS1B) and leaves with particles at S1A were collected in the three periods ( Figure 1a ). Leaves containing black particles were not found at site S1B. Additional dry leaves (DL) were also collected at S1A (DLS1A). Soil samples (about 500 g) were also collected at the surface and at 10 cm depth in places adjacent to the trees from which leaf samples were collected (SS1A and SS1B).
For comparison purpose, clean leaves (CLS2) and leaves of lemon tree (Citrus lemon) covered by black particles (PS2) ( Figure 1b ) were collected at Lumiar (S2) on February 2017. Sampling collection was at a height of 1.5-2 m above the ground, using latex gloves, stored in self-sealing plastic bags and subsequently transported to the laboratory.
Sample preparation and chemical analysis
In the laboratory, the material (black particles) deposited on leaf surface was carefully removed using a plastic knife and stored in Falcon tubes (50.0 mL). From each site and period, approximately 5 g of black particles were removed from leaves surfaces to guarantee the homogeneity during analysis. The black particles, clean leaves, and soil samples were dried in an oven at 50 °C until completely dried. Dried samples were ground in agate ceramic mortar, homogenized, sieved (passed through a 100 mesh nylon sieve) and stored in Falcon tubes. The elements were extracted from 250 ± 3 mg samples using mixed-acid digestion HNO 3 (3.0 mL) + H 2 O 2 (0.5 mL) and HF (0.1 mL) method into a Teflon bottle (Savillex, Minnesota, USA) on a hotplate for 4 h at 250 °C. 19 After digestion, the samples were cooled, opened and evaporated at 175 °C to begin the drying. In order to remove remnant HF, 3.0 mL of HNO 3 was added and evaporated two to three times 20 and then transferred into a Falcon tube (15.0 mL) and diluted with deionized water. The concentration of As, Ba, Cr, Cu, Fe, Ni, Pb, Sb, V, and Zn in the final solutions were measured by inductively coupled plasma mass spectrometry (ICP-MS) Elan DRC II mass spectrometer (PerkinElmer, USA). Prior analysis of ICP-MS, the instrumental parameters were adjusted to provide minimal oxide formation rates of Ce (< 3%) and double charged species ratio of Ba (< 2%), respectively. Operating conditions for sample analysis by ICP-MS are presented in Table 1 .
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Rh was used as internal standard (IS) to correct and/or compensate non-spectral interferences and matrix effects. The elements were quantified through a six-point external calibration. Blank and triplicate samples were analyzed to provide quality control. The sample digestion and analysis procedure were checked using three certified reference material (CRMs): SRM 1648a (urban particulate matter), SRM 1515 (apple leaves), and SRM 8704 (Buffalo River sediment), which were published by National Institute of Standards and Technology (NIST, Gaithersburg, USA).
The limits of detection (LOD) and quantification (LOQ) were calculated as three and ten times the standard deviation of 10 blank measurements divided by the slope of the analytical curve. Table 2 shows the LOD, LOQ, and the extraction efficiencies of the CRMs used. As it can be seen, extraction efficiencies higher than 80% were obtained for most elements in both CRMs.
Statistical analysis
Differences between concentrations of toxic elements among clean leaves (CL), black particles collected at each period (P1, P2, and P3), and soil samples were analyzed by one-way analysis of variance (ANOVA), and subsequent post-hoc comparison was made using least significant difference (LSD) Tukey's test (value of p < 0.05 was considered to be significant).
The enrichment factor (EF) using the concentration of each toxic element was calculated by equation 1 with the aim to evaluate the source contribution:
( 1) where C X and C n are the concentrations of the element X and n in the sample and in the background. "Sample" refers to the concentrations of the elements present in the black particles removed from the leaves at Nova Esperança do Sul (S1) and Lumiar (S2), while "background" for S1 consists in the average soil composition value of both soils (superficial and deep) collected in the surroundings, 21, 22 while the crustal composition given by Taylor and McLennan 23 was considered for S2. Fe was used as the reference. If EF < 1, the element is depleted in the environment and natural sources are predominant; if EF > 1, it means that the element is relatively enriched in the environment; while EF > 5 suggests that a large fraction of the element may be ascribed to anthropogenic sources. 24, 25 Cluster analysis (CA) was used to identify and characterize the association of the group of elements as well as to have an idea of the probable source. Statistical analyses were performed using CRAN R 26 free software through the following packages: ggplot2, 27 dplyr, 28 and ClusterOfVar. 29 
Results
Descriptive statistics
Mean concentration ± standard deviation (S.D.) and ANOVA results for As, Ba, Cr, Cu, Fe, Ni, Pb, Sb, V, and Zn from each collection site measured in clean leaves of cinnamon at Nova Esperanca do Sul (S1) and of lemon at Lumiar (S2) collected in situ are shown in Table 3 . Results show that there is a statistically significant difference among sampling sites (p < 0.05) for most of the elements measured, except for Sb (all sites) and Ba (S1A and S1B). Dried leaves (DLS1A) collected show higher content of Cr, Cu, Ni, and V than samples collected at the same site (CLS1A). However, it is very immature to attribute the death of the leaves to these elements. Differences (p < 0.05) found among elements measured from S2 and S1 may be ascribed to that the leaves were collected in different areas and from different tree species (cinnamon at S1 and lemon at S2). Plants, even being of the same species, accumulate different levels of pollutants if they grow in different environments. 30 Similar to our results, Simon et al. 31 found significant differences in concentrations of Al, Ba, Cr, Fe, Mn, Si, Sr, and Zn among leaf tissues of three different trees and studied areas. Table 4 shows the elemental concentrations of As, Ba, Cr, Cu, Fe, Ni, Pb, Sb, V, and Zn analyzed and ANOVA results from black particles removed from the leaves collected at S1 (three periods, P1, P2, and P3) and S2 (PS2). All elements present higher concentration values at S1 than S2. Statistically significant differences were observed between the three periods at S1 and PS2 for most of the elements, suggesting that black particles do not have the same origin. A similar tendency was observed for all elements over the three periods.
The analyses of soil samples collected at 300 m and 5 km far from the tannery area (S1) are shown in Table 5 . Results show minimal variation (not significant difference, p > 0.05) between soils collected at 300 m for most elements, except Sb. In contrast, higher concentration values for all elements collected were observed at 300 m than 5 km. These results may indicate the influence of anthropogenic sources. 
Enrichment factor (EF)
The EF of each element was calculated according to equation 1 only for black particles collected at site S1A (three periods independently, P1, P2, and P3) and S2 and are shown in Figure 2 . EF > 5 suggests anthropogenic influence, as it is seen here for Cr (all periods) and As (P1 and P2) in site SA1, while Ni, Pb, Ba, Zn, Sb, V, and Cu present 1 < EF < 4, indicating a slight enrichment of these elements in the environment. In contrast, EF ≤ 1 were observed for As, Pb, Ba, Zn, Sb, V, and Cu at site S2 suggesting depletion of these elements in this area (except Cr and Ni). This is not surprising because S2 is a rural area. In general, EF values were in the order: Cr > As > Zn > Ni > Cu > Sb > Ba > V > Pb, with Cr exhibiting always the highest levels during the three periods at S1A.
Cluster analysis (CA)
CA was applied to the concentration data of soils (superficial and deep) and black particles removed from leaves (three periods) collected at site S1A (black particles collected at S2 were not considered). The resulting dendrogram ( Figure 3 ) revealed two main groups: Cr constitutes the group 1, cluster 1, while Ni, V, Zn, Fe, Ba, Cu, and Pb (subgroup 2A) and As and Sb (subgroup 2B) constitute the group 2. These results suggest that group 1 has an anthropogenic origin, while group 2 may have a mixture of both natural and anthropogenic sources.
Discussion
Concentration levels of Cr obtained near tannery area (300 m) for both soils and black particles were always higher than samples collected at 5 km and in the Lumiar site (S2). In terms of EF, Cr (EF > 5) and As (EF > 5, two first periods) were clearly enriched in the sampling periods in the center of Nova Esperança do Sul (S1A) and are likely associated with anthropogenic sources. In the literature, 2,32-34 several researchers related high concentrations levels of Cr and other toxic metals found in groundwater, effluents, and soils due to poor waste management of leather industries. In the study area, chromium-tanned leather has been used for many decades in the manufacture of a large variety of leather-based products by several companies installed here; therefore, the enrichment of this element may be attributed to the tannery industry.
Arsenic is a metalloid that belongs to group 15 of the periodic table and occurs naturally in the environment. 35 However, this element is related to cancer risk. 36, 37 Arsenic is used in the manufacture of several products such as glass, ceramics, electronics, cosmetics, in pesticides and herbicides formulations 38 and biocides that usually are used to wastewater treatment. 39 The land in the study area is used to produce a variety of products, such as corn, soy, tobacco, cassava, sugar cane and rice, and agrochemicals are usually employed by farmers. As there are no other industries in this area, we may affirm that most of found As are related to agricultural activities. In the literature, for instance, Zhou et al. 38 determined As concentrations in arable soils and found an increasing accumulation trend over past decades, which is related to the long-term application of phosphate fertilizers in agricultural practice, while Bolan et al. 40 related this element to the production of rice grain and complementary medicines.
For the other elements (Ni, Pb, Ba, Zn, Sb, V, and Cu) low enrichment was observed in this area. These elements usually are related to vehicular sources, [41] [42] [43] [44] and its low enrichment may be explained because this region is a rural area with reduced vehicular fleet.
The group 1 of CA shows clearly Cr as a separate variable, which is consistent with the fact that chromium is a key element in the tanning process to obtain leather. From subgroup 2B, it can be noted the presence of Sb, which is a metalloid occurring naturally in the environment as trace elements. 35 However, in the last decades, Sb was associated with traffic because several parts of the vehicle contain Sb alloys and other Sb compounds. [45] [46] [47] As can be seen in the subgroup 2B from CA, arsenic is a little separated of the other elements, which may indicate that it is released from anthropogenic sources, but not necessarily from the same source as Ni, Cu, and Zn. Arsenic also occurs naturally and it is noted for its relation with Sb. Both elements were related to anthropogenic activities that can produce adverse effects on humans and the environment. 48 
Conclusions
This study evaluated the content of toxic elements in a region surrounded by a tannery area, located at Nova Esperança do Sul, RS, Brazil. The results of the analysis of black particles collected near leather industry show a higher concentration of all elements analyzed, especially Cr in the three sampling periods compared to a rural area (Lumiar, RJ, Brazil). This result confirmed that the presence of black particles mostly is related to the leather industry than the presence of sooty mold spread by insects. In the same way, soil samples (both deep soil and surface soil) collected around tannery area showed higher concentration for all elements than deep soil collected at 5 km of distance. Enrichment factor higher than 5 were obtained for Cr (three periods) and As (two periods) suggesting the anthropogenic influence of both elements. Cluster analysis isolated Cr in the first group demonstrating clearly the influence of this element in the study area, whereas As was related to the use of agrochemicals (pesticides or herbicides) by farmers. On the other hand, EF > 4 for Ni, Pb, Ba, Zn, Sb, and Cu were found, which is in agreement because the study area has rural characteristics.
